Active implementation of abdominal wall prosthetic repair enables to improve significantly the treatment results of patients with ventral and incisional hernias, reduce a recurrence rate, and provide good life quality indicators of operated patients [1] [2] [3] . Tension-free repair has justly become the basis of modern herniology [4, 5] . The main surgery types using synthetic endoprostheses have come to knowledge of a wide range of surgeons, and become an everyday practice [6, 7] .
Despite the achieved success a recurrence rate following hernia repair still remains a problem for surgeons. A recurrence risk has been found to depend on a variety of factors including hereditary ones [8] [9] [10] . However, tension-free repair techniques rank first among the recurrence causes, the recurrence rate of an abdominal wall defect being in direct relationship with a hernia size [3, 11] .
The surgical experience accumulation is certain to enable to exclude some technical mistakes and many errors in surgical approaches. However, currently, it is impossible to influence a number of specific pathogenic factors causing recurrent defects after prosthetic repair [12] . Some reasons existing still remain unresearched, while the others are under study. At the same time, a recurrence rate is well known to correlate with hernia orifice size and the herniation period [12] . Marked tension of abdominal wall tissues and high intraabdominal pressure (IAP) are also considered as one of the main causes of recurrence [13] . The tension results in cutting sutures that is prevented by synthetic material used, as well as due to the distribution of load on tissues, a reduced sewing effect of sutures [14] .
However, there is a certain group of patients with incisional ventral hernias and abdominal cavity volume reduction [15] . According to meta-analysis data, the recurrence rate among these patients is maximal reaching 53% [16] .
The problem is that repair surgeries in this group of patients are complex and traumatic, it relates to unacceptable complication rate, and even lethality [16] [17] [18] . As a result, some surgeons still use improved, author's autoplasty techniques even in the cases when reviews the use of prosthetic technologies is obvious (e.g., in a patient with giant strangulated incisional hernia complicated by acute intestinal obstruction) [19] .
Postoperative cardiovascular complications including venous thromboembolism are still unsolved problem [20, 21] . One of their triggers is intra-abdominal hypertension and hypercoagulation [18, 20, 22] . Specific regularity has been found by Russian researchers when stratifying patients by hernia orifice size and analyzing risk factors [23] . In patients operated using tension-free techniques the risk level was proportional to a hernia orifice size. Those undergone autoplasty appeared to have no such dependence. There was no mortality in W1-2 groups (according to Chevrel-Rath classification), while in W3-4 groups it was significantly lower compared to the patients operated by tension-free methods [23] . Therefore, tension-free repair principles should be observed perfectly in patients with large hernias [24, 25] .
It should be admitted that classical approaches (sublay, onlay) do not suit to be used in the situations under consideration. When a great deal of hernia content enters the abdominal cavity, intra-abdominal hypertension can develop [26] . This syndrome is a complex of interrelated pathophysiological processes based on a marked (over 20 mm Hg) and continuous IAP increase associated with developing organ dysfunction [27] . It is allowable to use an inlay technique that enables to perform true tension-free repair [7, 28] . However, the technique does not imply the formation of an abdominal wall, which can function well, since it is followed by a postoperative diastasis recti abdominis. In case there is a part of abdominal content in a hernia, an inlay technique by a mesh can create and model an additional necessary volume of the abdominal cavity, and in this case the distance between the muscles mentioned is increasing. When in a pathological position, they suffer atrophy, and as time passes, there are changes in the operation zone: structure and metabolism of both muscular and connective tissues alter [29] . Chronic inflammation persisting on the periphery of an implanted endoprosthesis [30] , a firm connective tissue frame does not form, and a muscular frame is getting more inadequate. Most recurrences develop within the first year after prosthetic repair [31] that is promoted by marked morphological changes of anterior abdominal wall tissues in patients with hernia detected by means of light optics and ultrasound [32] . According to other sources, 12 months after surgery there is a peak of recurrent hernia defects (33.3%), and the formation period in 94.4% patients is up to 5 years [12] . The correlation of recurrences of onlay and inlay techniques with large-sized hernias and orifices, obesity, the period of hernia carrying for over 2 years, has been clearly demonstrated in the current studies [12] . Given these premises, it is clear why operative treatment of this group of patients (patients with large ventral and incisional hernias) using standard operative techniques does not always result in successful results [19, 33] . These patients should be treated differently. Upon a closer consideration of surgical approach peculiarities, one can notice that sublay retromuscular technique does already contain some elements to mobilize abdominal wall components. The precise use of recommendation given by the researchers of this specified technique is an unconditional requirement, the negligence of the latter reduces to a minimum the advantages of the method. After typical procedures with hernia orifices and hernia content, a surgeon is to open sheath of rectus abdominis muscle [4] followed by the of retromuscular space dissection, separating step by step posterior surfaces of rectus abdominis muscles from the posterior sheath. The technique performed leads to the following: the posterior sheaths obtain unique mobility towards medialis (up to 6 cm) that makes it possible to connect them tension-free during the following stage [40] . At a later stage, an endoprosthesis is placed on sutured posterior sheaths of rectus abdominis muscles, and fixed using tension-free technique, the mesh being subsequently placed retromuscularly [4, 40] .
Nevertheless, in large-sized hernia orifices this procedure appears to be insufficient to close an abdominal wall defect with use the tension-free principles of tissue connection [40] . The problem becomes urgent in a large-sized hernial sac, when it contains some internal organs, the volume of the proper abdominal cavity being reduced.
Ramirez technique known since 1990 is a basic procedure for components separation (ACST) [2, [34] [35] [36] [37] [38] [39] [40] [41] [42] . This operation being an open ACST is a combination of techniques performed both in the middle, and the lateral segments. In addition, abdominal external oblique muscle aponeurosis is dissected 1.5-2 cm away from the line it attaches to the rectus abdominis muscle, and parallel to the latter along its entire length. Further, the tissues under aponeurosis are dissected laterally till lumbar veins appear. This technique is bilateral that enables to mobilize and replace the rectus abdominis muscles medially, the muscles being placed in their physiological position. The procedure enables to obtain extra mobility of abdominal wall layers (4 cm in the upper abdomen, 8 cm in the umbilical area, and 3 cm in lower abdomen) [40] . Using this approach a surgeon gains approximately 15 cm in the middle segment of an abdominal wall transversally. According to other sources, the mobility is 5-10 cm, 10-15 cm, and 3-8 cm in these abdominal areas, respectively [43] . reviews A complex of the above mentioned techniques was called Ramirez 1. The possibility to increase an abdominal cavity extent up to necessary and sufficient in cases of its initial reduction is an unquestionable advantage of the method, as it enables to place in situ hernia content causing no intra-abdominal hypertension [44] . The rectus abdominis muscles located in situ postoperatively start functioning well preventing recurrences [45, 46] . Initial incompetence of the mentioned muscles or their damage is not the contradiction for the described surgical approaches [47] .
Perfect execution of all the mentioned stages for large defect closure is of importance since every stage successively increases tissue mobility in a medial segment [48, 49] .
The results of Ramirez techniques for large incisional hernias appeared to be rather promising, and differed drastically from traditional repair techniques using local tissues [34, 35] . They prove demonstratively to be purely comparable with those after mesh prosthetic repair [38] . Some authors until recently have considered the technique as a method of choice in some situations and a real alternative to prosthetic repair [50] .
The apparent limitations of Ramirez technique are the scope of surgery, significant area of tissue dissection, large wound surface both in dense abdominal wall layers, and in the zone of subcutaneous flap separation. The authors studying the causes of hernia recurrences emphasize that certain principles should be followed carefully: anatomy specificity, no traumas, biological aspect, physiological aspect, functionality [51] . Some authors correctly reason Ramirez technique to be contrary to some of these principles [51] . On the other side, it is very important to close abdominal wall defects using not only synthetic material, aponeurosis but also muscles. Scientists possessing knowledge of such operations specify that CST requires thorough hemostasis and adequate drainage of surgical area to prevent the formation of liquid accumulations and local complications [38] . CST does not raise the risk of venous thromboembolic complications [52] . Due to significant tissue separation, there is always the risk of skin necrosis in a median abdominal wall segment [53] . This is due to the fact that the blood supply of a cutaneoussubcutaneous flap in a medial segment is provided by epigastric arteries through perforated vessels, which are ligated or coagulated in the course of Ramirez operation [54] . The same reasons (local circulation impairments) underlie a long-term exudation and liquid accumulation formation in the area a cutaneous-subcutaneous flap is separated from subjacent tissues [55] . An alternative has been brought forward, it saving perforated vessels in paraumbilical area that enables to preserve circulation to a certain extent, and avoid local ischemic complications [56] . Some surgeons perform precision removal of subscarpal fat layer as well. Similar methods are used in lipoabdominoplasty in hernia carriers [57] . Intra-operative angiographic technologies are known to be applied to check the boundaries of adequate perfusion [58] .
The other widespread problem of treatment of patients with hernias is the abdominal wall weakening lateral to rectus abdominis muscles [59] . In some cases, abdominal wall deformity areas can develop by relaxation or hernia type [59] . If a subcutaneous fat layer is poorly marked it can have a good cosmetic effect. These changes have clear anatomical and pathophysiological conditions. After Ramirez operation, an abdominal wall in the zones situated lateral to rectus abdominis muscles does not comprise aponeurosis of abdominal external oblique muscle. Moreover, the latter loses its medial attachment points and can become functionally inadequate, replaces laterally, and will be in contracture condition.
Other alternatives to Ramirez operation have been suggested later, they being developed to overcome the drawbacks mentioned above. In some cases CST safety can be insufficient. First of all it concerns large incisional hernias with significant abdominal cavity reduction, other risk factors being of importance as well. The idea to combine the advantages of prosthetic repair and CST seems to be an interesting approach to solve the problem [35, 44, 53, 60] . After providing an access and the necessary procedures in the abdominal cavity according to CST stage, prosthetic repair is performed a medial segment of the abdominal wall [56, 60] .
Another method of CST (Ramirez 2) differs from a classical Ramirez operation in the following: it predisposes mesh prosthetic repair of both medial segment, and the abdominal wall components separation zone lateral to rectus abdominis muscles. In addition, semilunar-shaped endoprostheses are used in lateral parts. A medial margin of such implant is fixed to the inner edge of a dissected aponeurosis of abdominal external oblique muscle. A lateral (semi-elliptic) margin is placed between external and internal oblique muscles, while a lateral margin of the dissected aponeurosis of external oblique muscle is attached tension-free to a mesh at its location. A surgeon performs the same procedures contralaterally. As a result, all trouble parts of the abdominal cavity appear to be closed, and external oblique muscles again have the attachment points, and subsequently will function adequately [61] . The drawbacks of this variant of Ramirez operation are to be considered: significant load by synthetic material, the vastitude of prosthetic area, the presence of a contact between a mesh and cubcutaneous tissue (as in onlay repair). Other authors [62] instead of two meshes in lateral segments use one, which is attached to the lateral margins of an aponeurosis of external oblique muscles, the technique was described in 2011. Moreover, there have been described the methods combining CST and onlay, inlay, sublay and sublay-onlay techniques [40, 45, 53, 61, 63, 64] . There is an "open book" technique. The aponeurosis of the external oblique muscle and the anterior sheath of rectus abdominis muscle is cut by an incision; the posterior one being rotated abdominally and medially in order to be used for direct closure of a tissue defect in a medial abdominal wall segment [65] as in V.I. Belokonev technique [66] . Other authors apply reviews similar methods [67] . There are simplified CST versions based on a basic technique [68] .
The findings of combined usage of prosthetic repair and ACST require further investigations related to a relatively little experience of clinics. The remarkable fact is that sometimes there can be observed the regularities typical for the use of prosthetic repair alone. For instance, the series onlay + CST are found to have far more numbers of wound complications compared to IPOM + CST [69] . Both synthetic and biological materials are known to be applied for abdominal wall defect closure concurrently with components separation [70] .
ACST is successfully combined with autoplasty in a medial abdominal wall segment [46] . The studies based on large material clearly demonstrated CST to be successfully combined with autodermoplasty, and a skin graft can be placed both in a medial abdominal wall segment as well as laterally (in the dissection area of obliquus externus abdominis aponeurosis) [46, 54] . Abdominal rectus muscles have been shown to repair their functional activity after such operation [45] . The same researchers emphasize that there is no rehabilitation mentioned in case of the combination of Ramirez operation and total prosthetic repair of an abdominal wall using onlay technique [71] .
ACST can be performed endoscopically, and it is written in the guidelines of International Endohernia Society [72, 73] . This technique was suggested by Maas and described in detail by Clarke [74] . Minimally invasive CST techniques are implemented by foreign and Russian surgeons [53, [75] [76] [77] [78] . It enables to reduce significantly wound complication rate from 57 to 19% [76] . There has been demonstrated the capability to combine the technique with one of prosthetic repair methods, both open and laparoscopic (IPOM, onlay, sublay retromuscular, preperitoneal) [72] . Moreover, only a medial segment is strengthen by a mesh, no implantation being performed in the area of obliquus externus abdominis aponeurosis. The volume of tissues dissected in a lateral segment and therefore the intended mobility of a medial segment of an anterior abdominal wall is considered to be higher compared to those after Ramirez operation, though the infection rate of a surgical intervention area and the problems with wound healing is lower in endoscopic CST [73] . Laparoscopic separation is successfully used in large inguinal hernias with an abdominal volume reduction [79] .
The experience of performing the mentioned anterior separations gain by surgeons in Russian clinics is still relatively rich, though the interest of herniology community to the specified techniques tends to increase steadily [53, 80] . Ramirez technique in one form or another was present in 1 study (2011), 5 publications (2012), and in 3 manuscripts according to the materials of All-Russia herniology conference, Moscow. According to online query (2012), most hernilogists have not had the experience of such operations [81] . The same source mentioned the opinion of 44.9% surgeons, who think that CST should replace inlay technique.
PCST is known as the variant of abdominal wall components separation technique, which presupposes the retention of obliquus externus abdominis aponeurosis, while transversus abdominis (and occasionally, internal oblique) muscle is separated from rectus abdominis muscles bilaterally. As a rule, CST is combined with one of prosthetic repair techniques. There are different, and in some cases, controversial views on the effect the described CST methods have on anatomical functional properties of the forming abdominal cavity. It should be noted that nerve trunks providing functional activity of rectus abdominis muscles are between the internal oblique and transverse muscles [38] , therefore anterior separation in its typical performance does not imply any contact with the mentioned nerve trunks. Posterior separation requires particular tissue dissection at a certain stage as technical drawbacks can result in adromia. And it is a rather aspect of this technique requiring further investigations.
The term PCST and posterior separation technique combined with retromuscular repair were suggested by Carbonell et al. in 2008 [36] . The authors recommend performing typical dissection of retromuscular space, dissect vertically the posterior leaf of sheath of rectus abdominis muscle followed by tissue preparation laterally between the transverse and internal oblique abdominal muscles. The defined cavity of tissue separation are further used to place a synthetic endoprosthesis, which is rather large, and it will be situated in a medial abdominal wall segment, dorsal to rectus abdominis muscles, and in a lateral segmentinternal oblique muscles. The mesh edges are fixed to tissue using transaponeurotic sutures [36] .
Another technique of posterior separation was elaborated by Novitsky et al. and described as TAR (transversus abdominis muscle release) operation [37] . The separation of muscular aponeurotic abdominal wall structures is advised to start with retromuscular space dissection described above. After completing the area preparation, a surgeon should clearly visualize epigastral and perforating vessels just near the semilunar line. The posterior leaf of sheath of rectus abdominis muscle is dissected vertically, 0.5-1.0 cm medial to its lateral margin, the transverse muscle being visualized and vertically dissected throughout its length. Then the tissues are dissected laterally between the transverse and internal oblique muscles resulted in a significant increase of mobility of all the tissue complex of medial abdominal wall segment, and mainly its substructures: the posterior leaves of sheath of rectus abdominis muscles and the transverse fascia. The authors advise their suturing along the midline, a synthetic endoprosthesis being placed on the latter ones, and fixed around the periphery by transaponeurotic sutures [37] . Posterior separation is also known [82] to be completed by both retromuscular, and intra-abdominal plasty as well. The combination of open posterior separation and prosthetic repair is associated with good functional results that have been demonstrated in some other works [83] . reviews A postoperative period is known to develop hypertrophy of rectus and oblique abdominis muscles and atrophy of transverse muscles [84] . Similar data have been shown compared to posterior separation with bridging technique in laparoscopic variant, the muscles remaining reliably unaltered. American researchers, when comparing the results of anterior (Ramirez) and posterior (TAR) separations, found the following. The first variant appeared to have significantly more wound complications, while the recurrence rate had no significant differences [85, 86] . In general, researchers highly appreciate the capabilities of different abdominal wall separation techniques [87] .
Russian surgeons have suggested a combined abdominal repair technique for large incisional hernias, the technique being a PCST type combined with retromuscular prosthetic repair [88] . After retromuscular space dissection the authors recommend having the tendon part of the internal oblique and transverse abdominal muscles dissected, and the endoprosthesis is fixed to the tendon part of the external oblique muscle. No skin-subcutaneous flap detachment can be regarded the advantage of the described technique. The inventors do not specify in the patent how blood supply and innervations of rectus abdominis muscle changes. Many other scientists correctly reason that arterial blood flow can be sufficient due to epigastric vessels, the innervations in this case being inevitable. Nevertheless, there is a technique combining prosthetic repair and CST, this technique is difficult to classify since the authors after separating the anterior leaf of sheath of rectus abdominis muscles from the latter ones perform the dissection of a tendon part of these muscles [89] . No wide detachment of subcutaneous tissue from underlying tissues is referred to as the advantage of the method, and the drawback is evident adromia of rectus abdominis muscles. The same authors have described a combined plasty based on the combination of components separation and mesh implantation [90] . The authors recommend using pararectal approaches performing the dissection of a tendon part of the external oblique, internal oblique and transverse abdominal muscles followed by replacing the area (a lateral segment) by a mesh using inlay technique, and medial segment by an onlay mesh.
Positive results of applying an original CST variant combining the elements of anterior separation on one side, and posterior separation contralaterally combined with a modified sublay technique. It enabled the authors to close large abdominal wall defects successfully. Posterior separation technique is being mastered in the overwhelming majority of Russian clinics, however, it has spread abroad [36, 82] [94, 95] .
The variants of techniques mentioned make it possible for surgeons to choose an appropriate method in ventral and incisional hernias, therefore, currently, a repair of hernia defects of any size and localizations is technically feasible. However, to the present day, the problem of applicability of the mentioned repair techniques is still unresolved in certain situations. Some authors believe CST and prosthetic repair results to be quite comparable, and find no significant differences concerning wound infection, recurrences and life quality parameters [96] . Drug CST has also been described [97] .
The application of modern abdominal wall components separation technique is certain to make it possible to perform repairs rather than corrections in the majority of cases, even in large defects. In giant hernias, in case of abdominal cavity reduction, the suggested technique can be a safe and adequate approach, being actually a method of choice. The combination of prosthetic repair and CST in large hernias has been brought out clearly to be significantly safer than the use of tension-free technique using a mesh (bridging technique) [98] . Less complications and recurrences are observed. Anterior separation technique has a number of advantages over inlay technique, and is consistent with a concept of an adequate abdominal wall repair in large hernias, therefore, it can be recommended for people of workable age.
On the other hand, it is not clear if there is sense in performing such a complex and large-scale surgeries in a problem group of patients: elderly patients, patients with some comorbidities, as well as in emergency hernia surgery. Some publications report about successful application of CST and/or prosthetic repair in elderly patients (in the presence of infectious complications), as well as in cases of injuries and an acute open postoperative abdominal wall syndrome [99] [100] [101] [102] [103] However, some aspects of surgical technique require development; a detailed study of immediate and longterm results of the operation is needed; life quality parameters of the operated patients compared to other surgical repair techniques of abdominal wall defects are to be analyzed.
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